Abstract: Some bird families are more widespread than others both in geography and in habitat use (high-incidence families). The number of Mexican species in a bird family was found to be strongly correlated with the number of communities that possess representatives of that family. This effect did not result from a higher probability of larger families having more widespread species or having species with broader diets or habitat preferences, nor from body size, abundance or clutch size, other factors which tend to correlate with the incidence of species. Instead, number of species per se (a trait of families) strongly influenced family incidence and thereby community composition. Therefore, community composition is influenced not only by ecological assembly rules at the species level, but also by the result of macroevolutionary processes above the species level. This pattern may be related to species-area curves and provides an opportunity for coevolution to occur even in situations in which species-specific coadaptation is not possible. This pattern increases the predictability of species composition of communities.
INTRODUCTION
Are ecological communities random assemblages of species or on the contrary, is community composition predictable? (Or is reality somewhere in between?) Predictable patterns would argue for deterministic rules of assembly; indeed empirical patterns are thought to be the outcome of "assembly rules" [1, 2] .
That biotic communities with unused resources are exceptional is one consequence of the ideal free distribution of populations [3] . Gómez de Silva and Medellín [4] tested this prediction among diurnal landbirds of Mexico and found that, except for a small number of "outliers" correlated with extremely harsh climates that limit bird presence and except for completely treeless areas, communities contained species from all 12 guilds that correspond to widespread food resources (nectar, seeds and fruits, vertebrates, carrion and different types of invertebrates).
An additional pattern among Mexican landbirds was that 17 families recurred in all or practically all communities [5] . Whatever factors accounted for the families' different frequency of occurence among communities (hereafter termed "incidence") was independent of resource utilization because there was no 1:1 correspondence between food guilds and taxonomic groups of Mexican birds. No food guild corresponded to only a single family (instead, the food guilds were represented by species of from 2 to 27 families and most families regularly use resources pertaining to from 2 to 10 food guilds, unpublished data). Family incidence, in turn, strongly influences community composition.
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The incidence of families may be correlated with traits of their constituent species or with emergent properties of the families themselves. For example, since species incidence seems to be positively correlated with niche breadth (number of food types), body size, abundance, and clutch size [6] , then families containing species that on average have broader diets or are larger, more abundant and/or produce larger clutches may be likely to be more ubiquitous.
On the other hand, the number of species in the family may influence family incidence if species-rich families are able to spread more widely and occupy a wider variety of habitats. Furthermore, the historical biogeography of a family may influence that family's incidence, especially in a region such as Mexico with a mix of faunas of different geographical origin (Nearctic and Neotropical). This article explores the observed pattern of family incidence among Mexican landbirds searching for factors in addition to resource use that influence community composition.
MATERIALS AND METHODOLOGY
The incidence of each landbird family in Mexico was estimated by counting the number of well-known landbird communities (see [4] ) in which a family was recorded. Cornell Lab of Ornithology [7] was followed for the familylevel taxonomy, with the exceptions that the content of families Parulidae, Thraupidae and Cardinalidae follow Klicka et al. [8] , but with Saltator retained in Cardinalidae. On the other hand, species-level taxonomy followed Howell & Webb [9] .
Species niche breadth, body size, abundance, and clutch size was based on data from the literature [9] [10] [11] [12] [13] [14] [15] [16] . Because the last three variables are difficult to quantify in a meaningful way because of intraspecific variation (e.g., clutch size and abundance within species vary according to the suitabi-lity of the local environment [6] ), these three were examined in a qualitative way to test for any possible correlation with family incidence. Biogeographical influences were likewise examined in a qualitative way, based on current species diversity; particularly whether the family is cosmopolitan, limited to the New World, or whether species richness tends to increase north of or south of Mexico based on [7, 13] .
To explore the relationship between family incidence and the quantifiable traits species incidence, species niche breadth (mean number of food guilds per species in the family), species habitat breadth, and number of species in the family, linear regression tests were applied using the software Sigmastat (version 1.0), with family incidence as the dependent variable and with all combinations of the independent variables. When the data did not pass the tests of normality or homoscedasticity, the independent variable was log 10 -transformed. For each test, the best regression was considered that with the highest r 2 , highest power of test and lowest p.
Species niche breadth was estimated as the mean number of food guilds (sensu [4] ) per species. Species incidence was the average of the number of localities where each species in the family was recorded [4] ). To estimate species habitat breadth, a classification of habitat types as they affect land bird distribution was attempted. To arrive at this classification, similarity values (Simpson's index) between all pairs of communities in the data base of Gómez de Silva and Medellín [4] were calculated and then a cluster analysis (Ward's method) was performed using the software JMP (version 3.1). Simpson's similarity index was chosen because it is insensitive to differences in species richness between localities compared [17] , and is therefore the most useful similarity index for sets of localities having a nested subset structure (a situation prevalent among ecological communities; [18, 19] ). The resulting classification considered four habitat-types based on the two most basal forks of the dendrogram (48% similarity): desert scrub, temperate forest, tropical rain forest and tropical dry forest.
The number of Mexican species in each land bird family was counted excluding species recorded in Mexico either as accidentals or only on islands [9] .
RESULTS
Most species traits examined did not correlate with family incidence in the dataset. The most ubiquitous families (those with incidence 90%, see Table 1 ) included some whose species have narrow niche breadth (specialized on single food guilds, e.g., Cathartidae, Apodidae, and Hirundinidae); the correlation was not significant (P = 0.78, r 2 = 0.00146, see Table 2 ). The most ubiquitous families also 
included some whose species tend to have small clutch sizes and only one or two broods per year (e.g., Cathartidae, Trochilidae) and/or small mean body sizes (e.g., Trochilidae, Parulidae), and/or low mean abundances (e.g., Accipitridae, Strigidae, Corvidae), contrary to expectations if traits of species in the family determine the family's incidence. Family incidence also did not correlate with average number of habitat types used ( Table 2 ). The one species trait that did correlate with family incidence was species incidence (P<0.0001, r 2= 0.256, Table 2 ), though the simple regression failed the homoscedasticity test. Four (24%) of the most ubiquitous families included species whose geographic ranges encompass all of Mexico (Cathartidae, Hirundinidae, Turdidae, Parulidae).
On the other hand, family traits correlated well with family incidence. The families' extent of distribution worldwide did not correlate well with their incidence in Mexico. Whereas nine ubiquitous families (53%) are cosmopolitan and the other eight are restricted to the New World ( Table 1) ; and several New World families are not ubiquitous in Mexico (Tinamidae, Cracidae, Odontophoridae, Nyctibiidae, Momotidae, Bucconidae, Galbulidae, Furnariidae, Dendrocolaptidae, Thamnophilidae, Formicariidae, Cotingidae, Pipridae, Mimidae, Ptilogonatidae, Peucedramidae, Coerebidae and Thraupidae), 82% of families with incidence greater than 90% (all except Tyrannidae, Troglodytidae and Trochilidae) are better or equally represented outside the Neotropics than inside (ie, mainly non-Neotropical).
Among the linear regressions, number of species by itself accounted for 81.27% of the variance in family incidence (Fig. 1) . The logarithmic relationship can be explained by the existence of a threshold number of species above which families are ubiquitous: all 13 families with 22 or more species were among the 17 families that occurred in 90% or more of the localities; indeed, the 5 families with 38 or more species were among the seven families that occurred in 99% or more of the localities. Adding species incidence to the linear regression model improved the fit more than adding the average number of habitat types per species. The threevariable regression explained very little further variance ( Table 2) . These regressions were robust with respect to family-level taxonomy, very similar results (unpublished data) being produced following an older family-level taxonomy [20] even though the number of species changed in the families Formicariidae, Parulidae, Emberizidae and especially Furnariidae, Cotingidae, Thraupidae, Fringillidae and Cardinalidae; and two new families are currently recognized (Grallariidae and Tityridae).
DISCUSSION
Traditionally, assembly rules have been considered to be caused by ecological processes that operate locally. However, communities are strongly influenced by larger-scale and longer-term processes such as regional climatic history, historical biogeography, and speciation and extinction rates [21] [22] [23] [24] [25] . This perspective suggests that ecological assembly rules can be combined with macroevolutionary assembly rules to understand community patterns.
Because family incidence describes the frequency with which a family contributes species to communities, and number of species is a result of a macroevolutionary process (net speciation rates [26] ), the high correlation between family incidence and number of species suggests a macroevolutionary assembly rule: monophyletic groups with higher net speciation rates contribute species to a larger number of communities.
The number of species-family incidence relationship may be seen as analogous to a species-area curve. A frequent limitation of species-area curves is that they often compare the species richnesses of mutually exclusive areas (such as islands, landscapes, biotic provinces or continents) which differ in habitat availability, resource availability and colonization history [27] . One approach to overcome this limitation has been to use geographically nested samples to study species-area relations [28] [29] [30] , but this approach has the statistical limitation that geographically nested samples are not independent. By comparing the species-incidence relation of different taxonomic groups in a single region (e.g., different land bird families in Mexico), this analysis largely overcomes these limitations because 1) the different families overlap in their ranges, and ecological circumstances are shared in the areas of overlap, and 2) the different families are statistically independent.
Geographic speciation causes the species-area relationship at regional spatial scales [25] and may cause the number of species-family incidence relationship observed in Mexican land bird families. It is interesting that the slope of the number of species-family incidence relationship (1.11 when plotted in log-log space, which is standard when comparing species-area curves [25] ) is comparable to the slope of interprovincial species-area curves (between 0.8 and 1.1), and is much higher than the slopes of species-area curves for islands or for patches within a region [25] . Interprovincial curves are the only species-area curves in which there is no or almost no overlap in species belonging to different samples (provinces); analogously, there is no overlap in species between samples (families) in the species-incidence relationship.
IMPLICATIONS FOR COEVOLUTION
The concept of coevolution has been criticized on the grounds that the long-term interactions necessary for species-specific coadaptation are rare [31] . Certain researchers (e.g., [32] ) suggest that coevolution can be properly studied only by testing for species-specific coadaptations. On the other hand, other authors have supported the concept of diffuse coevolution (e.g., [33] ), which proposes that coevolution can occur given long-term interactions between classes of organisms, i.e., above the species level.
The rule which establishes that speciose families contribute species to a large number of communities supports the concept of diffuse coevolution because it implies that certain monophyletic groups have had the potential for long-term interactions. For example, for Mexican landbirds, this rule suggests that throughout Mexico, vertebrates have been subjected to selection pressure imposed by predation by Accipitridae, and treehole-using animals have been freed from the need to create their own cavities due to the almost dependable presence of Picidae. Likewise, terrestrial seed-eaters have been faced with potential competition for food from Emberizidae, and flowering plants have had the possibility to interact with Trochilidae. In this way, this macroevolutionary assembly rule establishes the possibility of coevolution in the absence of species-specific coadaptation. The existence of such long-term associations between taxa above the species level suggests that certain coadaptations may not be recognizable through a strict species-level approach.
The number of species-family incidence pattern suggests that community composition is influenced not only by ecological assembly rules at the species level, but by a combination of ecological and macroevolutionary processes. Patterns in the composition of landbird communities in Mexico show that community composition is not entirely random. The mechanism for the assembly rule described in the present paper appears to be related to geographic speciation; therefore, this rule may apply as well to other groups of organisms and other regions and is not restricted to landbirds in Mexico.
